Study Design: Retrospective study. Objectives: To investigate the outcomes of fluoroscopically guided selective nerve root block as a nonsurgical treatment for cervical radiculopathy. Overview of Literature: Only a few studies have addressed the efficacy and persistence of cervical nerve root block. Methods: This retrospective study was conducted on 28 consecutive patients with radicular pain due to cervical disc disease or cervical spondylosis. Myelopathy was excluded. Cervical nerve root blocks were administered every 2 weeks, up to 3 times. Outcomes were measured by comparing visual analogue scale (VAS) scores, patient satisfaction, and medication usage before the procedure and at 1 week and 3, 6, and 12 months after the procedure. In addition, complications associated with the procedure and need for other treatments were evaluated. Results: The average preoperative VAS score was 7.8 (range, 5 to 10), and this changed to 2.9 (range, 1 to 7) at 3 months and 4.6 (range, 2 to 7) at 12 months. Patient satisfaction was 71% at 3 months and 50% at 12 months. Five patients used medication at 3 months, whereas 13 used medication at 12 months. Average symptom free duration after the procedure was 7.8 months (range, 1 to 12 months). Two patients were treated surgically. Only two minor complications were noted; transient ptosis with Horner's syndrome and transient causalgia. Conclusions: Although selective nerve root block for cervical radiculopathy is limited as a definitive treatment, it appears to be useful in terms of providing relief from radicular pain in about 50% of patients at 12 months.
Introduction
Cervical radiculopathy causes disabling pain and is frequently encountered in spinal practice. Its annual average age-adjusted incidence is about 83.2 per 100,000 people [1] . Cervical radiculopathy can be caused by degenerative conditions such as cervical disc prolapse, but it is more commonly due to a combination of factors including disc herniation, osteoarthritis of uncovertebral and facet joints, decreased disc height and cervical spondylosis [1] . In terms of treatment, many patients improved on conservative treatment, and according to recent studies, symptoms were relieved by conservative treatment in up to 43% of patients [2] . On the other hand, some patients undergo surgery for severe pain and recurrence, but only moderate outcomes are achieved. In a multi-center study, up to 26% of patients were found to remain symptomatic after cervical surgery [3] . Therefore, selective nerve root block offers an alternative treatment when patients fail to respond to medication and conservative treatment. Furthermore, it may provide an effective alternative tool for those unwilling to undergo a cervical operation, those unable to undergo surgery due to poor general condition, or those with a mismatch between symptoms and radiological diagnosis.
Therefore, we decided to investigate the outcomes of fluoroscopically guided selective nerve root block as a nonsurgical treatment for cervical radiculopathy. In addition, by analyzing the effect of related factors (etiology, sex, and age), we evaluated the usefulness of this technique.
Materials and Methods
Twenty-eight patients who visited our department from March 2010 to July 2010 due to cervical radicular pain with a single level pathology that did not show symptom improvement after conservative treatment for at least 2 months duration were included in this study. Those with myelopathy symptoms such as hand motor weakness, clumsiness, or gait disturbance were excluded. There were 16 men and 12 women in total. Mean patient age was 58.6 (range, 37 to 72). In terms of etiologies, 19 (68%) had spondylosis and 9 (32%) had cervical disc herniation, and in terms of selective root block locations, 13 (46%) were performed on C6 roots and 9 (32%) on C7 roots (Table 1) .
Selective cervical root block was performed by a single orthopaedic surgeon wearing a leaded apron, leaded goggles and a thyroid protector to reduce radiation exposure. In addition, the duration of radiation exposure was minimized.
For injections, we combined 0.5 ml of triamcinolone acetonide (40 mg/ml, Triam injection, Dong-kwang Pharm Co., Seoul, Korea) with 2 ml of lebobupivacaine (2.5 mg/ ml, Chirocaine, Abbott laboratories, Elverum, Norway) and 2 ml of saline. A 23 gauge, 3.5 inch spinal needle was used for the procedure, which was performed in a fluoroscopic room without any special anesthetic or stabilizer. To avoid carotid sheath injury, an entry point on the posterior border of the sternocleidomastoid muscle was used. Under realtime fluoroscopic view, the tip of the needle was positioned by checking the antero-posterior and anterior oblique views. The spinal needle trajectory was then decided in anterior oblique view, which allowed the neural foramen to be clearly observed. By checking the antero-posterior view, the needle was engaged and progressed until its tip was placed on half of the lateral mass in the antero-posterior view and superior and posterior to the neural foramen in the oblique view (Fig. 1) . After the needle was correctly positioned, less than 1 ml of radiographic contrast medium (Omnipaque 300, GE Healthcare, Cork, Ireland) was injected to confirm the targeted cervical root from the spinal cord and appropriate needle positioning. Nerve root block was performed once fortnightly up to three times. When subjective symptoms improved by more than 90%, the scheduled procedures were cancelled. Clinical assessments were performed using visual analogue scale (VAS) and patient satisfaction scores for procedure outcomes and responses to repeat procedures [4] (Table 2) . Relief and the recurrence of symptoms, additional medication history, and management using other conservative methods were evaluated. Assessments were performed before the procedures and at 1 week and at 3, 6, and 12 months after the final procedures.
All patients provided informed consent and the study was approved by our Institutional Review Board.
Statistical analysis was performed using SPSS ver. 18.0 (SPSS, Chicago, IL, USA), and statistical significance was accepted for p-values of <0.05.
Results
The average number of selective nerve root block procedures per patient was 2.8 (range, 1 to 3). The average VAS score was 7.8 points (range, 5 to 10 points) preoperatively and this improved to 3.6 points (range, 2 to 8 points) at 1 week, and at 3, 6, and 12 months after the procedures, VAS scores were 2.9 (range, 1 to 7), 3.3 (range, 1 to 8), and 4.6 points (range, 2 to 9), respectively. VAS scores significantly improved at all times (Wilcoxon's signed rank test, p < 0.05), but showed an increasing trend after 3 months (Fig.  2) . However, subgroup analysis revealed no significant VAS score differences with respect to etiology, sex, or age (Mann-Whitney test, p > 0.05) ( Table 3) .
Before the procedures, all patients were on medication and treated conservatively; medications after the procedures were determined by patient request. Five patients (18%) requested additional medication at 3 months after the procedures, 8 patients (29%) at 6 months, and 13 patients (46%) at 12 months. Average symptom-free duration was 7.8 months (range, 1 to 12 months). Patient satisfactory assignments were excellent or good in 20 cases (71%) at 3 months, in 18 cases (64%) at 6 months, and in 14 cases (50%) at 12 months (Fig. 3) .
Two patients underwent surgery after the procedures because of recurred radicular pain; both were cervical spondylosis cases. Operations were performed at 8 and 11 months, respectively. In terms of complications, one patient complained of minor causalgia, which was resolved at 5 months, and another developed Horner's syndrome with temporary ptosis, which resolved in a week.
Discussion
Cervical radiculopathy arises from complex pathophysiologic processes affecting neural elements within the stenotic foramen. Exiting nerve roots and their nutrient vessels lack a perineurium and have a poorly developed epineurium, and thus, are particularly vulnerable to mechanical and chemical injury [5] . Compression of the venous plexus within the neural foramen can lead to congestion, ischemia, intraneural edema, and increased intraneural pressure [4] , and compression of the neural tissue itself may lead to intraneural edema [6] . One probable result of long-standing compressive and mechanical insult to nerve roots is a state of inflammation and fibrosis [5] . Furthermore, in an animal model of radiculopathy induced by inflammatory changes, elevated levels of phospholipase A 2 (PLA 2 ) were found within nerve roots and the dorsal root ganglion, and additional chemical or inflammatory insult to nerve roots may result from the spillage of inflammogens and neuropeptides from adjacent degenerating cervical structures [7, 8] .
The role of selective nerve root block has been discussed by many researchers [8] [9] [10] [11] [12] . It is generally accepted that the symptomatic relief offered by corticosteroids is a consequence of their potent anti-inflammatory properties [8, 13] . Furthermore, it has been found that the administration of betamethasone around injured nerve roots can reduce the activity of PLA 2 [8, 12, 13] . In addition, it has been suggested that corticosteroids could have a direct anesthetic effect on small unmyelinated nociceptive C-fibers within irritated neural tissue and have anti-inflammatory properties [13] [14] [15] , and lidocaine may have a therapeutic effect due to its ability to improve blood flow and reduce neural dysfunction in injured nerve roots [16, 17] .
Published reports describe diverse outcomes after selective nerve root block. Bush et al. [11] in their series of 68 patients, reported that 81% achieved complete relief from arm and neck pain, although the authors also used other techniques, including a cervical plexus block. Vallée et al. [9] reported a significant reduction in pain in 62% of 32 patients with cervical radiculopathy, but did not use contrast to confirm the position of the needle tip. Cyteval et al. [17] described a technique conducted with the patient supine on a computed tomography table, and reported that 60% achieved good pain relief at 6 months. Razzaq et al. [18] reported 28.6% achieved significant and 14.3% moderate pain relief at 6 months. Obviously, it is difficult to compare results directly because the amounts of drugs injected and methods of intervention differ, and relatively few studies have followed patients in the long-term [18, 19] . Accordingly, this study was undertaken to evaluate pain relief in the long-term (12 months).
Selective nerve root block in the cervical spine has been associated with several severe neurologic complications [20, 21] . Cerebral infarction is a severe complication, and is considered to be the result of embolization due to particles of injected corticosteroid. For this reason, some doctors prefer betamethasone and dexamethasone to methylprednisolone and triamcinolone, because those agents are manufactured at smaller particle sizes in suspension form. However, in the present study, we used triamcinolone because it is more effective than betamethasone. Spinal cord infarction is suspected to be a result of vascular perforation or direct spinal injury by the needle. Shim et al. [21] reported direct injury of the spinal cord by the needle during nerve root block in the lateral decubitus position. Therefore, to prevent this complication, real time antero-posterior view was used when the needle was applied in the present study. In addition, care was taken to ensure that the tip of the needle was finally located halfway between the medial and lateral border of the lateral mass, as insertion beyond this depth risks puncture of the dural sleeve or thecal sac. Furthermore, in the oblique view, the approach was undertaken via the posterior wall of the foramen, which we considered the safest means of access, and the location of the needle was confirmed by injecting radioactive material before injecting the drug. The prevention of needle tip displacement anteriorly Between cases of spondylosis and disc herniation, b) Between cases >60 and ≤60 years old.
is important for two reasons. First, the proximity of the vertebral artery and articular pillars is a potential problem [9] . Second, anterior needle tip displacement can significantly increase the probability of minor complications [21] . In addition, we used the relatively safe nonionic monomer radiographic contrast medium, iohexol (Omnipaque 300), and did not experience any severe nerve damage or complication. Nevertheless, we did experience one case of transient Horner's syndrome due to stellate ganglion paralysis, which resolved in time, and there was one case of causalgia of unidentified pathophysiology, which was considered a type of reflex sympathetic dystrophy.
In the present study, we hypothesized that the effects of cervical nerve root injection with steroid and local anesthetic agents would not provide long-term pain relief in cervical radiculopathy. Five time points were chosen, which included before the procedure, and at 1 week and 3, 6, and 12 months after the procedure, to determine temporal effects. The results showed cervical radicular pain was relieved after the procedure. However, VAS scores showed an increasing tendency after 3 months, and although no significant difference was noted between mean VAS scores at 3 and 6 months, the difference between scores at 6 and 12 months was significant. This suggests that if the benefit of injection is not realized at 6 months, operative intervention should be considered, rather than waiting for a delayed improvement. In the present study, two patients were operated on at 8 and 11 months, respectively. Interestingly, both were spondylosis cases; however, no significant difference was observed between disc herniation and spondylosis cases in terms of pain improvement.
We acknowledge that the sample size of the present study was small. The size of the cohort was limited because of concerns of recall bias and because only a limited number of patients had undergone single level cervical radiculopathy and been managed conservatively for over 2 months. Furthermore, this was an observational study without a comparative treatment arm, and our results could have been affected by the natural history of cervical radicular pain syndrome or by nonspecific treatment effects. A larger-scale prospective study is required to confirm our findings and to determine the long-term therapeutic value of selective nerve root block for cervical radiculopathy.
Conclusions
Although selective nerve root block for cervical radiculopathy is limited as a definitive treatment, it appears to be useful in terms of providing relief from radicular pain in approximately 50% of patients at 12 months. Furthermore, the procedure could be performed under fluoroscopic guidance without severe complications.
